Abstract. We implement the damage spreading technique on 2-dimensional isotropic and anisotropic BakSneppen models. Our extensive numerical simulations show that there exists a power-law sensitivity to the initial conditions at the statistically stationary state (self-organized critical state). Corresponding growth exponent α for the Hamming distance and the dynamical exponent z are calculated. These values allow us to observe a clear data collapse of the finite size scaling for both versions of the Bak-Sneppen model.
of the same dynamical system starting from slightly different initial conditions and follow their time evolution, the sensitivity function can be defined as, ξ(t) ≡ lim ∆x(0)→0 ∆x(t) ∆x(0) = exp (λt),
where λ is the Lyapunov exponent and ∆x(0) and ∆x(t)
are the distances between two copies at t = 0 and t, respectively. Depending on the λ being positive, negative or zero three different behavior can be distinguished from Eq. (1): (i) λ > 0, the system is said to be strongly sensitive to the initial conditions, (ii) λ < 0, the system is said to be strongly insensitive to the initial conditions, (iii) λ = 0, while the sensitivity function could be a whole class of functions, for the low-dimensional discrete dynamical systems Eq. (1) forms a power-law,
where α is some exponent and α > 0 and α < 0 cases correspond to weakly sensitive and weakly insensitive to the initial conditions, respectively [4, 5, 6, 7] . For the high dimensional systems like the BS model, the same analysis could be performed using the so-called Hamming distance instead of the sensitivity function.
Our task will be to investigate the short-time dynamics of the isotropic and anisotropic BS models on a square lattice using the standard damage spreading technique. As far as we know, this technique has not been used in the literature to investigate the sensitivity to the initial con- 
Damage spreading
As mentioned in the Sec. (1), the sensitivity to the initial conditions of the isotropic and anisotropic BS models on a square lattice can be studied by damage spreading technique. This technique has been used in the literature previously to investigate the propagation of local perturbations in 1d BS model [8, 9, 10, 11, 16, 17, 12] . In these works, measuring the evolution of the discrepancy between two initially close configurations under the same noise, it was shown that this distance exhibits an initial power-law divergence, followed by a finite size-dependent saturation regime.
The algorithm for the BS model on a square lattice with N = L×L fitness values can be introduced as follows:
1. Once the stationary state has been achieved, consider the system as replica 1 denoted by f for the anisotropic case (right), respectively (see Fig. (3) ).
We can now define the Hamming distance between two replicas as,
where · · · stays for the configurational averages over var- For 1d isotropic and anisotropic BS models, it is known from the literature that this measure exhibits initially a power-law growth such as D 0 (t) ∼ t α and saturates at a constant value [8, 9, 10, 11, 16, 17, 12] . As it is evident from for the 1d isotropic and 1d anisotropic cases, respectively [12] ). The increase of the exponent as the dimension increases, for both isotropic and anisotropic cases, reveals that the ability of the system to cover the whole lattice increases with the dimension. It is also possible to compare these results with the mean-field values (∼ 1) obtained in [10] for the ring model and in [19] for the coherent noise model.
Dynamical exponent and finite size scaling
The second important exponent defined by z is called the dynamical exponent and comes from the scaling of τ (N ) ∼ N z , where τ is defined to be the value of t at which the power-law increasing part of the Hamming distance measurement crosses over onto the saturation regime for fixed N (namely, in Fig. (2) , intersection of two straight lines drawn through the linearly increasing power-law curve and the horizontal constant plateau). From Fig. (4) , we ob- 
Discussion and conclusion
We study the short-time dynamics of 2d isotropic and anisotropic BS models on a square lattice. and 400 × 400, of the isotropic and anisotropic BS models.
The numerically obtained α values can be considered as a good estimation for α in N → ∞ limit and together with the dynamical exponent z lead to a data collapse of the finite size scaling for the five different lattice sizes of the isotropic and anisotropic BS models.
